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$\text{ }$ 11viras$oro$ $\mathrm{V}i\mathrm{r}$ $\mathbb{C}$ -vector space
Vir
$:=\oplus \mathbb{C}L_{n}n\in \mathbb{Z}\oplus \mathbb{C}c$
Lie :
$[L_{m}, L_{n}]=(m-n)L_{m+n}+ \frac{1}{12}(m^{3}-m)\delta_{m+n,0}c$ ,
[Vir, $c$] $=\{0\}$ .
Lie
Vir $=\mathrm{V}\mathrm{i}\mathrm{r}^{+}\oplus \mathrm{V}\mathrm{i}\mathrm{r}^{0}\oplus \mathrm{V}\mathrm{i}\mathrm{r}^{-}$,
$\mathrm{V}\mathrm{i}\mathrm{r}^{\pm}:=\oplus \mathbb{C}L_{n}\pm n\in \mathbb{Z}_{>0}$’
$\mathrm{V}\mathrm{i}\mathrm{r}:=\mathbb{C}L_{0}\oplus \mathbb{C}c$
Virasoro Highest Weight Module
$\backslash$
universal ’ :
12 $(z, h)\in \mathbb{C}^{2}(\cong(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*})$ Vir$\geq_{:=\mathrm{V}\mathrm{i}\mathrm{r}^{0}}\oplus \mathrm{V}\mathrm{i}\mathrm{r}^{+}$ -module $\mathbb{C}_{z,h}:=\mathbb{C}1_{z,h}$
$c.1_{z,h}=z1_{z,h}$ , $L_{0}.1_{z,h}=h1_{z,h}$ , Vir$+.1_{z,h}:=0$ .
highest we\psi ht (z, $h$ ) V\mbox{\boldmath $\tau$}ma I $M(z, h)$ I




11 $(z, h)\in \mathbb{C}^{2}(\cong(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*})$
1. $M(z, h)$ $Vir^{0}$ -diagonalizable , $i.e.$ ,
$M(z, h)=\oplus_{\mathrm{z}_{\geq 0}}M(z, h)_{h+n}n\in$ ’
$M(z, h)_{h+n}:=\{u|L_{0}.u=(h+n)u\}$ .
2. $n$ $\in \mathbb{Z},0$
$\dim M(z, h)_{h+n}=p(n)$ (n ) $<\infty$ .
3. $M(z, h)$ 1 $J(z, h)$ , $i.e.$ ,
$L(z, h):=M(z, h)/J(z, h)$
highestweight $(z, h)$ highest weight O
[BPZ] 0
‘BPZ’ ( Minimale )
BPZ Data
$p$ , $q\in \mathbb{Z}_{>1}$
$z:=1-6 \frac{(p-q)^{2}}{pq}$
$\alpha$ ,\beta \in Z
$h_{\alpha,\beta}:= \frac{(\alpha p-\beta q)^{2}-(p-q)^{2}}{4pq}$
$t$ s\in Z,0 $r<q,$ $s<p$
i \in Z
$h_{i}:=\{$
$h_{(i-1)q+r,-s}$ $i\equiv 1$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$ ,
$h_{iq+r,s}$ $i\equiv 0$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$
2 ( )





$M$ ( $z$ , h) $(\cdot, \cdot)_{z,h}$
$\sigma$ : $U(\mathrm{V}\mathrm{i}\mathrm{r})arrow U$(Vir), $L_{n}\mapsto L_{-n}(n\in \mathbb{Z})$ , $c\mapsto c$
ant nvolution
$U$ (Vir) $=U(\mathrm{V}\mathrm{i}\mathrm{r}^{0})\oplus\{\mathrm{V}\mathrm{i}\mathrm{r} -U(\mathrm{V}\mathrm{i}\mathrm{r})+U(\mathrm{V}\mathrm{i}\mathrm{r})\mathrm{V}\mathrm{i}\mathrm{r}^{+}\}$
1
$\pi:U(\mathrm{V}\mathrm{i}\mathrm{r})arrow U(\mathrm{V}\mathrm{i}\mathrm{r}^{0})\cong \mathbb{C}[(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}]$
2.1 ( $z$ , h)\in (Vir0)*\cong C2 $M$ ( $z$ , h) (contravariant form) $\langle\cdot, \cdot\rangle_{z,h}$
$\langle\cdot, \cdot\rangle_{z,h}$ : $M(z, h)\cross M(z, h)arrow U$ (Vir ) $\mathrm{x}U$(Vir $-$ ) $arrow U(\mathrm{V}\mathrm{i}\mathrm{r}^{0})arrow \mathbb{C}$ ,
$(x.v_{z,h}, y.v_{z,h})\mapsto$ $(x, y)$ $\mapsto\pi(\sigma(x)y)\mapsto\pi(\sigma(x)y)(z, h)$ .
$x,$ $y\in U(\mathrm{V}\mathrm{i}\mathrm{r}^{-}),v_{z,h}:=1\otimes 1_{z,h}$
2.1 $(z, h)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}$
1. (\lambda ‘J ) $\langle u, w\rangle_{z,h}=\langle w, u\rangle_{z,h}$ $(u, w\in M(z, h))$ .
2. ( ) $\langle x.u, w\rangle_{z,h}=\langle u, \sigma(x).w\rangle_{z,h}$ $(x\in U(\mathrm{V}\mathrm{i}\mathrm{r}), u, w\in M(z, h))$ .
3, Rad $\langle\cdot, \cdot\rangle_{z,h}=\{u\in M(z, h)|\langle u, w\rangle_{z,h}=0(\forall w\in M(z, h))\}$ $M$ ( $z$ , h) .
2.1 2 x $=L_{0}$ :
22 $n$ , m\in Z,0 m\neq n
$\langle\cdot, \cdot\rangle_{z,h}|_{M(z,h)_{h+m}\mathrm{x}M(z,h)h+n}=0$.
$n\in \mathbb{Z}_{>0}$ $\mathrm{t}_{\vee}$
$\langle\cdot, \cdot\rangle_{z,h;n}:=\langle\cdot, \cdot\rangle_{z,h}|_{\Lambda’l(z,h)_{h+n}\cross \mathrm{A}^{\gamma}I(z,h)h+n}$
2.1 22
23 :
$M(z, h)$ : $\Leftrightarrow$ Rad $\langle\cdot,$ $\cdot)_{z,h;n}:=\mathrm{R}\mathrm{a}\mathrm{d}\langle\cdot, \cdot\rangle_{z,h}\cap M(z, h)_{h+n}=\{0\}$ $\forall n\in \mathbb{Z}_{>0}$ .
1.1 2 $n\in \mathbb{Z}_{>0}$ $\{u_{i}\}_{1\leq i\leq p(n)}$ $M(z, h)_{h+n}$
$\det\langle\cdot, \cdot\rangle_{z,h;n}:=\det((\langle u_{i}, u_{j}\rangle_{z,h})_{1\leq i,j\leq p(n)})$




$( \det\langle\cdot, \cdot\rangle_{z,h;n})^{2}\propto\prod_{\alpha,\beta\in \mathbb{Z}_{>0}}\Phi_{\alpha,\beta}(z, h)^{p(n-\alpha\beta)}$
,
$\Phi_{\alpha,\beta}(z, h)$ $:= \{h+\frac{1}{24}(\alpha^{2}-1)(z-13)+\frac{1}{2}(\alpha\beta-1)\}$
$\cross\{h+\frac{1}{24}(\beta^{2}-1)(z-13)+\frac{1}{2}(\alpha\beta-1)\}+\frac{1}{16}(\alpha^{2}-\beta^{2})^{2}$
BPZ $M(z, h_{i})(i\in \mathbb{Z})$ ? ( ) $M(z, h_{i})$
$\mathrm{R}\mathrm{a}\mathrm{d}\langle\cdot,$ $\cdot)_{z,h}$:(7)





’ $\langle$ $\cdot,$ $\cdot \mathrm{X}_{h}$,
$\backslash$
’ Jantzen Filtration , $M(z, h)$
[Ja] 5
T 1 $\mathbb{C}[T]$ $(z, h)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})$ ’&
$(z’, h’)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}$ ‘generic ’ $\alpha$ , $\beta\in \mathbb{Z}_{>0}$
$\Phi_{\alpha,\beta}(z+Tz’, h+Th’)\in \mathbb{C}[T]\backslash T^{2}\mathbb{C}[T]$
1
$\langle\cdot, \cdot\rangle_{z,h}^{T}$ : $M(z, h)\cross M(z, h)arrow U(\mathrm{V}\mathrm{i}\mathrm{r}^{-})\mathrm{x}U$(Vir $-$ ) $arrow \mathbb{C}[T]$ ,
$(x.v_{z,h}, y.v_{z,h})\mapsto$ $(x, y)$ $\mapsto\pi(\sigma(x)y)\{(z, h)+T(z’, h’)\}$
$k\in \mathbb{Z}_{>0}$
$M(z, h)(k):=\{u|\mathrm{o}\mathrm{r}\mathrm{d}_{T}\langle u, w\rangle_{z,h}^{T}\geq k (\forall w\in M(z, h))\}$
$P(T)\in \mathbb{C}[T]\backslash \{0\}$ $k:=\mathrm{o}\mathrm{r}\mathrm{d}_{T}P(T)$
$T^{k}|P(T)$ , $T^{k+1} \int P(T)$
$k\in \mathbb{Z}$ (P(T)=0 $\mathrm{o}\mathrm{r}\mathrm{d}_{T}P(T)=\infty$ )
$n\in \mathbb{Z}_{>0}$ $M(z, h)_{h+n}$ {ui}l $\leq\dot{\iota}\leq p(n)$
$\det\langle\cdot, \cdot\rangle_{z,h;n}^{T}:=\det((\langle u_{i}, u_{j}\rangle_{z,h}^{T})_{1\leq i\leq p(n)})$
:
2.5 ([Ja]) 1. $k\in \mathbb{Z}_{>0}$ $M(z, h)(k)$ $M(z, h)$ Vir-
$M(z, h)(1)=\mathrm{R}\mathrm{a}\mathrm{d}\langle\cdot, \cdot\rangle_{z,h}\mathrm{I}\mathrm{h}M(z, h)$
18
2. $k\in \mathbb{Z}_{>0}$ $M(z, h)(k)/M$ ( $z$ , h)(k+y
($T^{-k}$ ( $\cdot,$ $\cdot\rangle_{z,h}^{T}|_{T=0}$ )
3. $n\in \mathbb{Z}_{>0}$ :
$\mathrm{o}\mathrm{r}\mathrm{d}_{T}\det(\cdot,$ $\cdot\rangle_{z,h;n}^{T}=\sum_{k=1}^{\infty}\dim\{M(z, h)(k)\}_{h+n}$ .
$M(z, h)(k)_{h+n}:=\{u\in M(z, h)(k)|L_{0}.u=(h+n)u\}$
. BPZ 25 3 :
26i\in Z n $\in \mathbb{Z}_{>0}$
$. \sum_{k=1}^{\infty}\dim M(z, h_{i})(k)_{h_{i}+n}=\sum_{k=1}^{\infty}\{\dim\Lambda I(z, h_{|i|+2k-1})_{h_{i}+n}+\dim M(z, h_{-|i|-2k+1})_{h_{i}+n}\}$
2 :
1. $\{h_{i}+\alpha\beta|(\alpha, \beta)\in(\mathbb{Z}_{>0})^{2}\mathrm{s}.\mathrm{t}. \Phi_{\alpha.\beta}(z, h_{i})=0\}=\{h_{|i|+2k-1}, h_{-|i|-2k+1}|k\in \mathbb{Z}_{>0}\}$ .
2. $(z, h_{i})$ $1\backslash$ $\llcorner$ $(0, 1)\in(Vir^{0})^{*}$ generic $\mathrm{o}\mathrm{r}\mathrm{d}_{T}\Phi_{\alpha.\beta}(z, h_{i}+T)\leq 1$
3
BPZ Verma $\mathrm{M}(z, h_{i})(i\in \mathbb{Z})$ Jantzen Filtration
Verma Diagram
$(Z_{\backslash }h)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}$
3.1 $n$ $\in \mathbb{Z},0$
$\dim\{\Lambda,I$ ( $z$ ,h)h+ vir+ $\leq 1$ .
$\{\Lambda I(\approx, h)_{h+n}\}^{\mathrm{V}\mathrm{i}\mathrm{r}^{+}}:=\{u\in\Lambda I(z, h)_{h+n}|\mathrm{V}\mathrm{i}\mathrm{r}^{+}.u=\{0\}\}$
( $\{\Lambda\prime I(\sim\sim$. $,$ $h)_{h+n}\}^{\mathrm{V}i_{\mathit{1}}^{+}}.\backslash \{0\}$ singular vector . )
: 1 n\in Z 0} Pn $:= \{(1^{r_{1}}2^{r_{2}}\cdots n^{r_{n}})|r_{i}\in \mathbb{Z}_{\geq 0,}.\sum_{i=1}^{n}ir_{i}=$
$n\}$ $n$
$|$
$\mathrm{I}=(1^{r_{1}}2^{r_{2}}\cdots n^{r_{1}}’)\in P_{n}$ $e_{\mathrm{I}}:=L_{-n}^{r_{n}}\cdots L_{-2}^{r_{2}}L_{-1}^{r_{1}}$
$\{e_{\mathrm{I}}.\tau_{z.h}’|\mathrm{I}\in P_{n}\}(\mathrm{C}_{\approx.h}’.=1\otimes 1_{\approx.h})$ $AI(_{\sim}^{\sim}, h)_{h+n}$
19
2 $n\mathrm{C}$ Z,0 Pn $>$ $\ovalbox{\tt\small REJECT} \mathbb{I}\ovalbox{\tt\small REJECT}(1^{7)}2^{r_{2}}\cdots n^{r_{n}}),$ $\mathrm{J}\ovalbox{\tt\small REJECT}$
$(1^{s_{1}}2^{82}\cdots n^{s}\cdot)C$ $\ovalbox{\tt\small REJECT}\backslash ,$ ,
$\mathrm{I}>\mathrm{J}\Leftrightarrow\exists m\in \mathbb{Z}_{>0}$ s.t. $\leq n,$ $\{$
$r_{k}=s_{k}$ $k<m$ ,
$r_{k}>s_{k}$ $k=m$ .
3 $n\in \mathbb{Z}_{>0}$ $w\in\{M(z, h)_{h+n}\}^{\mathrm{V}i\mathrm{r}^{+}}\backslash \{0\}$
$w= \sum_{\mathrm{I}\in \mathcal{P}_{n}}c_{\mathrm{I}}^{w}e_{\mathrm{I}}.v_{z,h}$





$\alpha_{\mathrm{J}}^{w}\in \mathbb{C}^{1}$ QJwjI\in C
4 3 $\{c_{\mathrm{J}}^{w}\}$ triangularity
Kac determinant singular vector ,
32($z$ , h)\in (Vir0)’ $\Phi_{\alpha,\beta}(z, h)=0$ $\alpha$ , $\beta\in \mathbb{Z}_{>0}$
$\dim\{M(z, h)_{h+\alpha\beta}\}^{\mathrm{V}\mathrm{i}\mathrm{r}^{+}}=1$ .
$Z_{\alpha,\beta}$ $:=\{(z, h)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}|\Phi_{\alpha,\beta}(z, h)=0\}$
$=\{(z(t), h_{\alpha,\beta}(t))|t\in \mathbb{C}^{*}\}$
$z(t):=1-6 \frac{(t-1)^{2}}{t}$ , $h_{\alpha,\beta}(t):= \frac{(\alpha t-\beta)^{2}-(t-1)^{2}}{4t}$
t\in C\Q $\Phi_{\gamma,\delta}(z(t), h_{\alpha,\beta}(t))=0$ $(\gamma, \delta)\in(\mathbb{Z}_{>0})^{2}$ $(\alpha, \beta)\in$
$(\mathbb{Z}_{>0})^{2}$
$\det\langle\cdot, \cdot\rangle_{z(t),h_{\alpha,\beta}(t);n}\neq 0$ $\forall n<\alpha\beta$
20
2.1
$\exists w(t)=\sum_{\mathrm{I}\in P_{\alpha\beta}}c_{\mathrm{I}}^{w(t)}(t)e_{\mathrm{N}}.v_{z,h}\in\{M(z(t), h_{\alpha,\beta}(t))_{h_{\alpha,\beta}(t)+\alpha\beta}\}^{\mathrm{V}\mathrm{i}\mathrm{r}^{+}}\backslash \{0\}$
$\{c_{\mathrm{I}}^{w}(t)\}_{\mathrm{N}\in P_{\alpha\beta}}$ t
$(z(t), h_{\alpha,\beta}(t))=$ $(z, h)$ $t$ $t=t_{0}\in \mathbb{C}^{*}$ $w(t_{0})$
3.1
BPZ Verma Diagram
$i$ $\in \mathbb{Z}$ $[h_{i}]:=M(z, h_{i})$ Verma $M(z$ , h Verma
$M(z, h_{j})(i, j\in \mathbb{Z})$
$[h_{i}]rightarrow[h_{j}]$ .
26 , 3.1 32
1: Diagram
4
BPZ Verma Diagram( 1)
Verma $M$ ( $z$ , h Jantzen Ffltration L( $z$ , h
Bernstein-Gel ’fand-Gel’fand Resolution $L(z, h_{0})$ \mbox{\boldmath $\theta$}
Dedekind \eta 1
Image Pre-Image
$i\in \mathbb{Z}$ k\in Z $>0$ Verma $M(z$ , h
$N(z, h_{i})(k)$ .$\cdot$
$N(z, h_{i})(k):=M$ ( $z$ , h +k)+M$(z, h_{-|i|-k})\subset M(z, h_{i})$ .
21
4.1 i\in Z k\in Z $>0$ $M(z, h_{i})(k)=N(z, h_{i})(k)$ .
$M(z, h_{i})(k)\supset N(z, h_{i})(k)$
25 Diagram( 1)
$M(z, h_{i})(k)=N(z, h_{i})(k)$
$n\in \mathbb{Z}_{>0}$ $0\leq m<n$ $m\in \mathbb{Z}$ $i$ $\in \mathbb{Z},$ $k\in \mathbb{Z}_{>0}$
$M(z, h_{i})(k)_{h+m}:=N(z, h_{i})_{h+m}$:




. . . $arrow M(zd_{j+1}, h\text{ }+k+j)$ $\oplus M(z, h_{-|i|-k-j})arrow d_{j}$ . . .
$\ldotsarrow M(zd_{2}, h\text{ }+k+1)$ $\oplus M$ ( $z$ , h- -k-l) $arrow M(zd_{1}, h\text{ }+k)\oplus M$ ( $z,$ $h_{-}$ $-k$ )
$arrow N(z, h_{i})(k)d_{0}arrow 0$ ,
$d_{0}(x, y):=x+y$ , $d_{j}(x, y):=(x+y, -x-y)$ $(j>0)$
Complex , i.e., $\mathrm{K}\mathrm{e}\mathrm{r}d_{j}\supset{\rm Im} d_{j+1}(j\in \mathbb{Z}_{\geq 0})$
$\mathrm{K}\mathrm{e}\mathrm{r}d_{j}\subset{\rm Im} d_{j+1}$ $d_{0}$
$j\in \mathbb{Z}_{>0}$
$\mathrm{K}\mathrm{e}\mathrm{r}dj=\{ (x, -x)|x\in M(z, h\text{ }+k+j)\cap M(z, h_{-|:|-k-j})\}$ ,
. ${\rm Im} d_{j+1}=$ { $(x,$ $-x)|x\in M(z$ , $h\text{ }+k+j+1)+M(z$ , h- -k-j-l)}.
$M(z, h|:\mathrm{I}+k+j)(1)$ $M(z, h|i|+k+j)$ (cf. 2.5 1) ,
$M(Z, h\text{ }+k+j)\cap M(Z, h- \text{ }-k-j)\subset M$ (z\sim h +k+j)(1)
hi+n=hlil+k+j+(hi-hlil+k+j+n) $hi-h|i|+k+j+n\leq n$
$(M(Z, h$ $+k+j)(1))_{h:+n=}(N(z\sim h$ $+k+j)(1))_{h:+n}$
$N(z, h|\mathrm{i}|-1k+\mathrm{j})(1)$
$(M(z, h_{|i|+k+j})\cap M(z, h_{-|i|-k-j}))_{h+n}:\subset(M(z, h_{|i|+k+j})(1))_{h+n}:=(N(z, h_{|i|+k+j})(1))_{h_{i}+n}$
$=(M(z, h_{|i|+k+j+1})+M(z, h_{-|i|-k-j-1}))_{h_{i}+n}$ ,
$\mathrm{K}\mathrm{e}\mathrm{r}d_{j}\subset{\rm Im} d_{j+}$, L0-weight $=$ hi+n
Euler-Poincare’Principle
dirn $N(z, h_{i})(k)_{h+n}:= \sum_{j=1}^{\infty}(-1)^{j-1}$ {dirn $M(z,$ $h_{|i|+k+j-1})_{h+n}:+\dim M(z,$ $h_{-|i|-k-j+1})_{h_{i}+n}$ }
22
$\mathrm{O}0$ $\mathrm{O}\ovalbox{\tt\small REJECT}$
$\sum\dim N(z, h_{i})(k)_{h_{i}+n}\ovalbox{\tt\small REJECT}\sum${ $\dim M(z.h\text{ }+\mathit{2}k-l)_{h_{i}+n}+dim$ $M(z$ , h- -2k+l)hi+n}
$k\ovalbox{\tt\small REJECT} 1$ $k\ovalbox{\tt\small REJECT}[]$
26
$\sum_{k=1}^{\infty}\dim M(z, h_{i})(k)_{h+n}:=\sum_{k=1}^{\infty}\dim N(z, h_{i})(k)_{h+n}$:
$M(z, h_{i})(k)_{h+n}:=N(z, h_{i})(k)_{h+n}$:
4.1 1 highest weight module $L(z$ , h Bernsten-
Gel ’fand-Gel’fand(BGG) Resolution :
42(BGG ) $i\in \mathbb{Z}$ :
. . . $arrow M(z, h_{|i|+j})\oplus M$ ( $z$ , h- -j)\rightarrow . . .
. . . $arrow M(z, h_{|i|+1})\oplus M(z, h_{-|i|-1})arrow M(z, h_{i})$ . $arrow L(z, h_{i})arrow 0$ .
25 1 4.1 :




$0arrow M(z, h_{|i|+1})\cap M(z, h_{-|i|-1})arrow M(z, h_{|i|+1})\oplus M\{z,$ $h_{-|i|-1})arrow N(z, h_{i})(1)arrow 0$
4.1 $M(z, h|i|+1)\cap M(z, h_{-|i|-1})\cong N(z, h|i|+1)(1)$
:
$\mathrm{O}arrow N(z, h\text{ }+1)$ (1) $arrow M(z, h\text{ }+1)\oplus M$ ( $z,$ $h$ - 4)\rightarrow N(z, $h_{i}$ ) (1) $arrow 0$ .
$k\in \mathbb{Z}_{>0}$
$\mathrm{O}arrow N(z, h\text{ }+k+1)$ (1) $arrow M(z, h\text{ }+k+1)$ $\oplus M(z, h_{-|i|-k-1})arrow N(z, h\text{ }+k)$ (1) $arrow 0$
Yoneda Product (cup )
4. 2 $L(z, h_{0})$
$q=e^{2\pi\sqrt{-1}\tau}({\rm Im}\tau>0)$ weight $\frac{1}{2}$ modular form $_{n,m}(\tau)$ $\eta(\tau)$
4.1 1. Dedekind \eta : $\eta(\tau)=q^{\frac{1}{24}}\prod_{n=1}^{\infty}(1-q^{n})$ .




Vir- $V$ highest weight $(z, h)$ highest weight module
weigh
$V=\oplus V_{h\dagger n}n=0\infty$ , $V_{h}:=\{+_{n}u\in V|L_{0}.u=(h+n)u\}$ $(n\in \mathbb{Z}_{\geq 0})$
$\mathrm{t}\mathrm{r}_{V}q^{L_{0}-\frac{1}{24}c}:=\sum_{n=0}^{\infty}(\dim V_{h+n})q^{h+n-\frac{1}{24}z}$
V normalized character $\text{ }$ tr$\{\}q^{L_{0}-\frac{1}{24}c}$ 42






trL(z, ) $q^{L_{0}-\frac{1}{24}c}$ weight 0 modular form
5
BPZ [FeFhl] $(z, h)\in(\mathrm{V}\mathrm{i}\mathrm{r}^{0})^{*}$
$M$ ( $z$ , h) Jantzen Filtration 2
$[\mathrm{F}\mathrm{e}\mathrm{F}\mathrm{u}2]$ Verma Fock module ( semi-infinite form
) ( ) 52
Jantzen Filtration Virasor\sigma Vir Rank2
[Ja], [Mal]
BPZ $L(z, h_{0})$ normalized
character weight O modular form BPZ Data
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